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In this study, we show that a chemical dye, malachite green (MG), which is
commonly used in the fish industry as an antifungal, antiparasitic, and antibacterial
agent, could effectively kill Candida albicans and non-C. albicans species. We have
demonstrated that Candida cells are susceptible to MG at a very low concentration
(MIC that reduces growth by 50% [MIC50], 100 ng ml−1) and that the effect of MG
is independent of known antifungal targets, such as ergosterol metabolism and
major drug efflux pump proteins. Transcriptional profiling in response to MG
treatment of C. albicans cells revealed that of a total of 207 responsive genes, 167
genes involved in oxidative stress, virulence, carbohydrate metabolism, heat shock,
amino acid metabolism, etc., were upregulated, while 37 genes involved in iron
acquisition, filamentous growth, mitochondrial respiration, etc., were
downregulated. We confirmed experimentally that Candida cells exposed to MG
resort to a fermentative mode of metabolism, perhaps due to defective respiration. In
addition, we showed that MG triggers depletion of intracellular iron pools and
enhances reactive oxygen species (ROS) levels. These effects could be reversed by
the addition of iron or antioxidants, respectively. We provided evidence that the
antifungal effect of MG is exerted through the transcription regulators UPC2
(regulating ergosterol biosynthesis and azole resistance) and STP2 (regulating amino
acid permease genes). Taken together, our transcriptome, genetic, and biochemical
results allowed us to decipher the multiple mechanisms by which MG exerts its anti-
Candida effects, leading to a metabolic shift toward fermentation, increased
generation of ROS, labile iron deprivation, and cell necrosis.
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